Twenty five new yellow inbred lines of maize were mated to two inbred lines(Sk11 and Sk2) as testers during 2014 season. The resulting 50 hybrids and the check hybrid SC168 were evaluated in three trials during 2015 season. The first for grain yield (t/ha) was conducted at Sakha and Sids research stations, the second and the third for late wilt and downy mildew resistance, each one was performed in two trials under two nitrogen levels(143 and 286 kg N/ha), respectively in two separate disease nurseries at Sakha Research Station. The first nursery under artificial soil inoculation by late wilt disease and the second nursery under artificial infection by downy mildew disease. The results were combined analysed across the two locations in the first trial and across two nitrogen levels in the second and third trials. Mean squares due to lines, testers and their interaction were significant for all traits, except for the interaction between lines x testers for late wilt resistance. The interactions lines, testers and lines x testers with locations were significant for grain yield, while their interactions with nitrogen levels were not significant for late wilt and downy mildew resistance. The non-additive gene effects were the most important component controlling the inheritance of all studied traits. The best inbred line for general combining ability effects was L6 for grain yield and downy mildew resistance and L10 for late wilt resistance. The best hybrid for specific combining ability effects was L22 x Sk2 for gain yield, L20 x Sk2 for late wilt resistance and L13 x Sk2 for downy mildew resistance. The hybrid L6 x Sk11 had high grain yield (>check) and high resistance to both late wilt and downy mildew. The 25 inbred lines were classified into the following two heterotic groups using HSGCA: for grain yield: group 1
INTRODUCTION
The main goal of the Egyptian national maize program is to develop new hybrids with high yielding and diseases resistance. Late wilt, caused by Cephalosporium maydis is one of the most economical diseases of maize in Egypt. The first record of late wilt as a vascular wilt disease in Egypt was in 1960. Cephalosporium maydis is known as a soil and/or seed born pathogen. This fungus reproduces asexually and no perfect stage has been identified. Moreover, it was mentioned that Egyptian isolates of C. maydis differed in their morphology, pathogenicity and mode of infection. In naturally infested fields with C. maydis, infection reached up to 80% in susceptible cultivars and the yield losses reached up to 40%. Mosa et al. (2010) found that the low and high nitrogen levels exhibited the lowest values for resistance to late wilt disease,while the optimum nitrogen level was coupled with the highest values of resistance. Sorghum downy mildew (Peronosclerospora sorghi) as one of the most destructive disease of maize in Egypt, especially in Delta region is caused by late planting date and planting sudan grass and sorghum beside maize. This fungus induces systemic infection in plant and some causes local lesions as well. The systemic form of the disease is caused by infection of seedliness by oospores of the fungus born in the soil. The localized form of the disease is caused from foliar infection by conidia oospores. Yamada and Aday (1977) reported that only nitrogen independently of phosphorus and potassium was effective for seedling to cause infection of the Philippine downy mildew. Sadoma (1995) studied the maize resistance to downy mildew disease and found that the genotypes were categorized as highly resistant (0-5%) incidence infection, resistant (5.1-10%), moderately resistant (10.1-20%), moderately susceptible (20.1-30%), susceptible (30.1-50%) and highly susceptible (50.1-100%). The information of the type of gene actions is very important for the breeder in making decisions for the collocation resources and expected response to selection for resistance to this disease. Nawar and Salem (1985) , Rameeh et al. (2000) , Nair et al. (2004) , El-Shenawy and Mosa (2005) , Mosa and Motawei (2005) , Mosa et al. (2010) , Mosa (2011) and Abd el-Kareem (2013) found that additive gene effects played a major role in the expression of resistance to late wilt, downy mildew diseases and grain yield, while El-Itriby et al. (1984) , Turgut et al. (1995) , Amer et al. (2002) , and Mosa et al. (2016) reported that non additive gene effects were predominant in the inheritance of late wilt, downy mildew and grain yield. Heterotic groups and patterns are extremely important in hybrid breeding. Melchinger and Gumber (1998) defined a heterotic group as a group of related or unrelated genotypes from the same or different populations, which display similar combining ability and heterotic response when crossed with genotypes from other genetically distinct germplasm groups. Fan et al. (2009) reported that heterotic groups using specific and general combining ability (HSGCA) method is a practical and easy to follow procedure to classify maize inbred lines into known heterotic groups.The new method was more reliable and efficient than traditional maize heterotic group classification methods that the use of SCA-GY and molecular markers. The main objectives of this study were to estimate general and specific combining ability effects, nature of inheritance for grain yield, late wilt and downy mildew resistance, identify the superior hybrids in grain yield and high resistance to both two diseases (>95%) and classifying the inbred lines into heterotic groups using specific and general combining abilities (HSGCA method) derived from line x tester analysis.
MATERIALS AND METHODS
The materials used in this study were the twenty five new yellow maize inbred lines, (50) and one commercial cross (SC168) were evaluated in three trials during 2015 growing season. The first trial (for grain yield ) was conducted at Sakha and Sids Research Stations. A randomized complete block design (RCBD) with four replications was used at both locations. The plot size was one row, 6 m length, 80 cm apart and 25 cm between hills. Two kernels were planted per hill then thinned to one plant per hill before the first irrigation. All cultural practices were applied as recommended at the proper time. Data were recorded on grain yield ton per hectare(t/ha) adjusted to 15.5% moisture content. The second experiment (for resistance to late wilt) was performed in two separate trials under two nitrogen levels (143 and 286 kg N/ha), respectively in disease nursery under artificial soil inoculation by the pathogen Cephalosporium maydis at Sakha Research Station. Annually in same place, different isolates of Cephalosporium maydis were used to re-infect disease nursery to increase the efficiency of selection. RCBD with two replications was also used. Plot size was one row, 2 m length, 80 cm width, 20 cm between hills and two seeds were planted per hill -thinned later to one plant per hill before the first irrigation. Data were taken on percentage of resistance to late wilt disease after 35 days from flowring. The third (for resistance to downy mildew) was carried out in two separate trials under two nitrogen levels (143 and 286 kg N/ha), respectively in the late season (July) in the disease nursery under artificial infection by downy mildew disease caused by Peronosclerospora sorghi at Sakha Research Station. Annually in the same place , this field was previously planted by sudan grass as a source of infection, 30 days prior to planting of tested genotypes. Spreader rows (sudan grass) were alternatively planted with maize rows in a ratio of 1:3, respectively. RCBD with two replications was also used; plot size was one row, 2 m long, 80 cm apart and 20 cm between hills. Two kernels were planted per hill and left without thinning. Percentage of resistance to downy mildew disease was recorded after 40 days from planting. The nitrogen fertilizer was applied in two equal doses, at the first and the second irrigation in the late wilt trial and at the planting and the first irrigation in downy mildew trial. Combined analysis across two locations in the first trial and across two nitrogen levels in the second and third trials was performed when homogeneity of variance was detected. Combining ability analysis was computed according to line x tester analysis procedure of Kempthorne (1957) . Heterotic groups using specific and general combining ability (HSGCA) were made according to Fan et al. (2009) .
RESULTS AND DISCUSSION
The combined analysis of variance of line x tester mating design for grain yield across two locations is presented in Table ( 1). Highly significant differences were shown between the two locations (Loc), indicating that grain yield was affected by environmental conditions prevailed in different locations. While, the mean squares due to nitrogen levels were not significant for late wilt and downy mildew resistance ( Table 2 ), indicating that the late wilt and downy mildew resistance were not affected by nitrogen fertilization. Results in Tables (1 and 2) showed that the mean squares due to hybrid (H) and their partitioning into lines (L), testers (T) and (L x T) interaction were significant or highly significant for all studied traits, except for L x T was not significantfor late wilt resistance. The interaction mean squares of H x Loc and their portioning into L x Loc, T x Loc and L x T x Loc were significant or highly significant for grain yield, while the interaction mean squares of H x N and their portioning into L x N, T x Nand L x T x N were not significant for late wilt and downy mildew resistance. Table 1 . Combined analysis of variance of line x tester mating design for grain yield(t/ha) across two locations. The estimates of combining ability variance components for grain yield, late wilt and downy mildew resistance are presented in Table ( 3). The K 2 SCA or non-additive gene effects were the most important component controlling in the inheritance of grain yield, late wilt and downy mildew resistance. This result support the findings of El-Itriby et al. (1984) , Turgut et al. (1995) , Amer et al. (2002) , Mosa (2011) and Mosa et al. (2016) . Out of 50 hybrids evaluated, ten hybrids (L 3 x SK11, L 5 x SK11, L 6 x SK11, L 7 x SK11, L 8 x SK11, L 13 x SK11, L 16 x SK11, L18 x SK11, L 6 x SK2 and L 7 x SK2) did not significantly outyield the check SC168 (10.3 t/ha). Out of the superior ten hybrids, the new hybrids (L 8 x SK11) (11.33 t/ha) and L 6 x SK11 (10.85 t/ha) outyielded all the hybrids under study. It could be concluded that these inbred lines and crosses could be immediately utilized by corn breeders to develop new hybrids with high yield potentiality. For late wilt resistance, the results showed that SK11 tester had 100% resistance for its hybrids with the inbred lines L 4 , L 5 , L 9 , L 10 and L 23 and SK2 tester exhibited the same result (100% resistance) with inbred lines L 5 , L 9 , L 10 , L 15 , L 16 , L 18 , L 21 , L 22 and L 25 .From, the above results, the inbred lines L 5 , L 9 and L 10 gave 100% resistance with the two testers. The high resistant hybrids (>95%)
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x SK2, L 21 x SK2, L 22 x SK2 L 23 x SK2, L 24 x SK2 and L 25 x SK2; all these hybrids were more resistant than the check SC168 (93.25%). It could be concluded that these inbred lines and hybrids are good materials for resistance to late wilt disease. For downy mildew resistance, the results exhibited that the SK11 tester had high resistance (>95%) In general, hybrid L 6 x SK11 had high grain yield and high resistance to both of late wilt and downy mildew diseases, hybrids L 5 x SK11, and L 8 x SK11 had high grain yield and high resistance to late wilt disease, hybrid L 6 x SK2 had high grain yield and high resistance to downy mildew disease and hybrids L 3 x SK11, L 7 x SK11, L 13 x SK11, L18 x SK11 and L 7 x SK2 had high grain yield (> check).
Estimates of general combining ability effects of 25 inbred lines and two testers for grain yield across two locations, late wilt and downy mildew resistance across two nitrogen levels are presented in Table (5) . The desirable general combining ability effects (GCA) of inbred liens were obtained by L 6 , L 7 , L 8 and L 18 for grain yield, L 5 , L 9 and L 10 for late wilt resistance and L 6 , L 10 , L 11 , L 16 , L 19 , L 20 , L 23 and L 24 for downy mildew resistance. From above results, the inbred line L 6 had the highest value for GCA effects for grain yield and downy mildew resistance. The best tester for GCA effects was SK11 for grain yield and SK2 for late wilt and downy mildew resistance.
The results in Table ( 6), showed that the best hybrids for specific combining ability effects were L 5 x SK11, L 10 x SK2, L 16 x SK11 and L 22 x SK2 for grain yield, L 20 x SK2 and L 21 x SK2 for resistance to late wilt disease and L 2 x SK2, L 12 x SK11 and L 13 x SK2 for resistance to downy mildew disease. These hybrids could be utilized in maize breeding programs.
Estimates of heterotic groups based on specific and general combining ability effects (HSGCA) for grain yield, late wilt and downy mildew resistance are presented in Table (7) . Fan et al. (2009) proposed that the method of heterotic groups based on specific and general combining ability (HSGCA).The inbred lines were divided into groups according to the following; Step1, place all inbred lines (the 25 inbred lines)in the same heterotic group as their tester.
Step 2, keep the inbred line with the hterotic group, where its HSGCA effects had the smallest value (or largest negative value) and remove it from other heterotic groups.
Step 3, if the inbred line had positive HSGCA effects with all representative testers, it will be cautious to assign that line to any heterotic group because the line might belong to a heterotic group different from the testers used in the investigation.
For grain yield, group 1 (tester SK11) included Bernard (2001) reported that the heterotic group comprises a set of inbreds that have a similar performance when crossed with inbreds from another heterotic group. The inbreds within a heterotic group are often related due to advanced cycles of breeding. Two heterotic groups that complement each other comprise a heterotic pattern. Lee (1995) stated that a heteotic group is a collection of closely related inbred lines which tend to result in vigorous hybrids when crossed with lines from a different heterotic group, but not when crossed to other lines of the same heterotic group. SK11  SK2  SK11  SK2  SK11  SK2  L1  L2  L3  L4  L5  L6  L7  L8  L9  L10  L11  L12  L13  L14  L15  L16  L17  L18  L19  L20  L21  L22  L23  L24 
